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A bstract
C hinaisrichin the r m al w aterre sou rce s a ndha s alonghistory ofutilization･ In
this paper, both high-temperatu re and low - m ediu m te mperature thermal water
re s ourc e sdistributio n and･their dev elopm e nts are glVe n. Som e rele v ant e n vir o n m erlt
proble m sar edis cuss ed as w ell･
IJltrOdtICtio n
C hinaisrichin therm alw ater res o urc e s andha s alonghistory ofusinghotsprmgsfor
agricultur e, bathing andthe rape utic purpo s e･ S ince e arly1970
'
s, exte nsive e xploration
anddevelopm erlt Of therrnalw ater r esdurc e shavebee nlaun ched andquitego od re sults
w ere obtain ed. Atpres e nt, age other malpo w e rplantwi thin stanedc apacityof 25･18 M W
w as set upinYangbajingGe otherm al Field, whichsupplie s abo ut41%(m o r ethan60% in
the wirltertim e) ele ctricitytothe Lhas acity, the c apitalofXizang(Tibet)Auto n o m o u s
Region. Exc eptforpo w e rge n er atio n,lo w- m edium temper atur ethermalw ater re s o u rc e s
ar ewi dely u sedfor spa c eheating, industry pr o c esslng, agricultur e,bathinga ndspa sI In
1994, the totalflow rate of thermalw aterfor dir e ct u s e aJn Ou rltS tO 953 4kg/s, which
pr ovidesthe thermalpo w er of 2143 MW a nd ther malenergyof5527G Whequivde rEt
T he sefigu r es show ed tha:I Ch ina n o w adays is the firstlarge st u se r of n o n
-ele ctric
ge other male n ergyinthe w orld(鮎 n etal.,1995;Fre e ston, 1995)I
ⅡighTemper at11reTherm al Water Res o urces
Highte mperaturethe r malw ater re s o u rc e sinC hina ar e c o n c e ntr atd inr ec erltVOIca m c
and te cto nical1y activ e are asgig.1). In s outhe m Tibet, there ar e m o retha n 600
hydrothe rmalm a nifestaiio ns includinghighte mper aturegeyse rs, hydrother malexplosio n s,
stear ru ng gr ounds, Rlm arOles, boiling sprlngS etC, am ong Which 345 hav e be en
re c onmis s anc ed and inve stigatedbytheSciezltific Expedition Te am underCo mis sio nfor
Integra･ted Su rvey of Natural Reso ur ce s, Ac ademia S inic ain 1ate1970
f
s･ Re sults indic ate
that m o st ofthe r malw ate rinS.Tibetare of Cl
ー
-H C O3
-
- Na
＋
ty pew 地 e nhan cedc orlterltS Of
Li
,
R b
,
Cs a nd B. T he totaldiss olved solidappe arbetw e e n1-3 gn andthe w ateris of
m ete oric onglna Sevi de n cedbyisotope andge ochemic alstudie s･ The estim ated res ervoh
temper aturevarie s丘om 170to270
o
C andthetotd n atural he atdis charge at the Earth
-
s
su rfac eam ou ltStO 4
,
900×10
13
I/a･ Stro喝 hydrother mala ctivityin S･Tibetisthe surfac e
m a nife station ofextr a o rdinarilyhighte mper atu reregime aⅠdepthwhlChis r e sulted 舟o mthe
c olusion of Eura sian andIndian Plate s(W anget. al.,1996).
Te ngchong volc anic ar e aislo c ateda･t theborderwi th Bu rm a, w hich,te cto nical1ya nd
ge other mal1y,isthe s outhernexte nsion of HimalayanGeothe rmal Beltl The main di飽
･
enc e
betw e en Tengchong are aand otherpart of the Beltis that, inTengcho ngthere exists
exte n siv eCenozoic v olcanic a ctivity. Acc ordingtoLia o(1989), Mu a nd Curtis(1989), the
Te ngcho ng volca nism c a nbedivide intofou rstage sranging&om M io ce netoPleisto cen e
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with the K -Ar age of 2.93, 0.81, 0.31aJld O1 3 Ma c orre spondlngly･ The chm ax of
er uptlO ns W er O CCurr edin late Pleisto c en e: Itis evidencedthat Te
ngchong volc a n o e s
mightnotbe e xtinguished but onlydor mant･ In this c onte xt, the m agm abodyat shalow
depthm aybehav e asthehe a土sou rce Ofits o vedyinghydr other malsyste
m inthis are a･
AtotalTIumbe r of 58 hydr other malare a sw ereiderlti丘ed in Te ngche ng am ong which
the RehaiPotSe a)Ge other malsyste mis the m o stpromisirlg On e･ hve stigatio nreve aled
that the res erv oirtemperatur einthis syste m m ay re ach 230
o
C1240
O
CI T he he at s o u rc e
mightbe a c o oling m 喝 m abody which inIrtlded ino a shallow depthofabout5-7 kna nd
cr eatedthe circularare a ofsu rfac em 皿i氏station . Theinputofm agm atiche at atdepthm ay
ha v e set the gro und- wa:ter into m otio nin this ge othe rmal syste m･ Ho w e v er, the
gro undw ate ris m ete oricin origin as evidenc ed byis otope(D,
18
o)I
fLghte mperaturethermalw aterr eso u rces ar e mainly u sed fo rpow e rge n eration･
Exc eptfor Yangbajing ge otherm alpow erplarlt, Othertw oplarltSin La n由ue andNaqu ar e
being pla 皿 ed inTibet･ In TerlgChong v olc anic ar e a, a project O nthe developm ent of
thermalw ater re s ou rc e sfor ge n erating electricitywi ll be started inthe ne arBJtu re･ Itis
e st血a;ted th8t the po w er ge n er ation pote =tial丘o m the Tibetan se ction ofH 血山野 an
Ge other mal Beltis n e arly1000 M W, andtheTe ngchongs ectio nalo n etake s upabo ut45 0
M W .
I.o w - m edillm Tetnpe r attl reT her mal Wate rRe so ll r CeS
There ar etw otype s oflo w- m edium temperaturether malw a･ter re s our c e sinChin a1 One
isther malw ater丘o mthelo w- m ediumte mper aturege othe rmalsyste m s ofc o nve ctio ntype,
n otr ehtedtoyou ng magm abodybuthe ated byn o- alto rehtivelyhighregio nal he at凸o w,
su chastheZ hangzho u and Fu zhou ge othe rmalsystem sinSE China, And an othe ris the
the r mal fluid c o nected with the low - m edium te mper atur ege other malsyst町 1S Of
c o ndu ctiv ety pein laTge- scale s edim erltaryba sins, such a sNo rth China Basin, Sichu an
Basinand Tarim Basin(W angetal., 1996).
Itc anbe se e n丘.o mFig.1tha.I thethe m alw aterres o urc e s of first type ar e c o n c e ntra,ted
inthefollo Ⅶ ngare as:
1)Co astalaJ
L
ea Of SEChinain cludingFujia n, Gu 皿gdong, Ea ste mJia ngxia ndSouthe m
H uma nProvinces. Thereo c curred m or ethan600 hot sprlngS m O Stly wi the mper atu re of
40-80oC
,
s o m ehavingte mper ature80-95
o
C. Severalsyste m s s u cha sZhangzho u, Fuzho u
in Fujia anProvinc e;Dengw u, Ya ngila nginGu angdong;Ba otingin Hainan andH血aJlgln
H 皿 aJlhavebe e nexploredduringthepast20ye ars;
2)EI ShaJlgtO ng, E･ LiaoningPe ninsulato theEa st ofBeijingalo ngTan che ng-Lujiang
de ep-fault zone･ Ther eexist about70 hot springs withte mpera.tur eof40-70
o
C. 沌gher
te mperatur e(80-90
o
C)ar e Obs erved in s everalsprings;
3)Fe n- w ei(Shanxi- Shaami)grabe n areato the West of Beijing. T hedistribution of hot
sprlngSis s om eho w
”S■. shapedr efle ctingthegr aben c o nagura;tio n. Hot spnngs丘
･
o mthe
northern and s o uthernparts ofthe grabenare of higherte mpe ratur e(60-80
o
C)whereas
tho s e丘.om the mi ddlepartare oflowe rte mperature(40-60
oC). It mightbe re sulted 丘･o m
thediqerentcirculatlngdepthof hotspring W ater;
4)W ･Sichuan -N ･ Yu ru 1 a n are tOtheN Eof Te ngcho ngalong
”South-North”te ctonlc
(o r seismic) zone, A totaln u mber of 270 hot springs are re c ordedin this are a. The
te mpe ratu re of
-
springsisquitelow(40-50
o
C), onlyafew appeartobe m o rethan80
o
C.
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Is otope and ge ochemical studie s exhibit tha土the thermal wa;terin the se system s
orlgln ated丘om mete oric w ater･ Along co astalar e a, ther m alw aterin s om e system s was
re vealedto be mked up wi thse a w ater･ As a re sult, the T D Sand CI
I
c o nter[t w e re
increas ed. The r e servoirte mpe ratur eforthis type ofge other malsyste m s甲ge 丘o m40to
150 Ccalculated by usingdiffere ntge otherm o m et rs･ Fo rexa mple, re se r v oirte mperature
forZha ngzho u and Yangjiang system s areof140
o
C;forDengw u - 135
o
C;forBa oting- -
120oC.
Ge othe malres ourc e sinlow - m ediu m tempe raturege otherm alsystem sofc onductive
type are mainly o 孤1rredin large
- scale sedimer[tarybasinsL InC hina, the re e由t a n umber
ofsuch basins am わng which9 ba sinshave a n ar e am oretha n100, 00 km
2
･ Na m elytheyare:
songlia o, North Chin a, Eerduo si, Erlian, Jia nghan, Sichu an, Tab u, Chaida mu and
zhu nga erBasin. Atotalare a ofapproxim ate3I5 mi nio ns squ ar ekilo m etresis rea chedifthe
sedim entaryba sin s with an are a m ore than 200 km
2
ar etaken in1o c o n sideratio n･ It
a c courltSfor36%totalare a ofChina c otltinent伊ig,1).
In ve stlgat10n andexplor atio nde m o n stratethats edim err[aryba sinslo c ated inthe e aste m
and c entralparts ofChina are m o st promislng a re a sfordevelopm e nt oflo w
- m edium
te mperaturether mal w ater re s ou rc es･ Basins 如 m we ster nChina s u ch a sTahm u,
chaidam u andZhungee r ar ele sspromisingbec ausethe w aterqualityis not s ogo od and
the salin tys e e m stobeto ohigh(upto30g仙 h addition, W ICh inaisles spopula:teda nd,
in fact,thereis n o u serforthe v a stde sert ar e as exc eptfor afe wbigcltie s andto w n s･
It m u stbe n otedthatthepoterltialofther mal w ater re s ourc esin9basin sB
-
om e aste rn
a nd c e ntral Chinais quite go odandthe re c o v由ble the malw ater re s o ur c e s aJn Ount tO
I.854bnlio nto n s ofstandardc oalequivale nt. T he re cover able res ourc e sin No rthChina
BasinandN .Jia ngsu Basin takes up73% ofthetotala ndthus, the setw obasins ar ethe
m o stpr omislng are asforthe developm ent oflo w
- m edium te mperatur ethe mal w ater
r e s ou rc e sin C hin a. Althoughthe exterlt OfFeng- WeiBa sina nd Le i-QongBa sinis n ot so
la rge,the s etw obasin s are stnlquitepr omisingfordevelopm entbe c a u sethe waterqu ahtyis
go odand the flow rateislarge enoughfor 琴Ploration･ Exc eptfor Chu xio ngba sin, the
w ater qualityfor other Me so z oicba sin s s u ch asSichu a n･ Ee rduo siand So ngha o appe ar s
n ots ogo od･ Therefo r e,the sebasins are n otv ery promisingfo rge othe rm aldevelopm ent･
In northern part ofNorthChinaBa sin, there e xist tw othe -alw ater re se rvoirs: on eis
the re s erv oir ofNe oge ne sedim e nts andanotheris the s o
-caled 'FBuried H山1' res ervoir of
Lo w erPala e ozoic a nd Mid-UpperPr oterozoic c arbonatite ro cks･ The Ne ogene sedime nts
are athicks erie s ofinter-bedding m udstone ands a ndstone ofalluvi alori由L The s andstone
hyers ar ethe min aquifersin Neogen e system withgo od w aterqu ahty･ Theburied depth
ofaquifers varied&o m 400to 2000m andthe watertemper atureis of 30to 85
oC･ T he
chemistry ofther malwateris ofHCO 3
･
-Cl
-
-Na
'
ty pewi thlow s aunlty(1-3gn)I
14cdating
re v ealedthatthe ‖age
”
ofthe rmalw aterin Ne ogen e sedim erltSis about10,000to 30,000
ye ars old. T hat m e an sthetherm alw ater s e e m stobequlte StagnaLtinthe re s e
rvoir, andthe
w ater re s ou rces sho uld be co nsideredtobe un re ne wable,
”Buried 沌1l■■hasbe en named by
chine sepetroleu m ge ologlStS tO de s cribe the ka rst
-fis sure re servoir ofc arbo n atite r o ck
stratainthebas em e nt of North ChinaBasin. T he rmalw ater wi thempe ra.tur e uptolO5
oC
at adepthof2000
-3 000m ha sbe e nfoundin this r es ervoirbut the w aterqualityappe arsto
be changeable･ So m etirn e s saline w aterm aybe enc ountered. Forthis re a s on, utilizatio n of
ther malw a:ter丘
･
om thisre s er voir should bekept withcaution･
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T he fo rm 如io n m echanis m ofthennalw ater re s ourc es in No rth C hina Basin can be
described a sfohow s: on the relativ elyhighregionalgeothermal background(62 m W /m
2
),
tw o r es ervoirs exist inthe Ba sin. Lateral 且ow ofc old w ater he ats up on the w ay 丘o m
recharge are atOdischarge ar ea a nds upplie sthe rese rv oirs with thermalw ater of different
te mper atu r e. h the c entr alpart ofa up晩 heatflo w incre a seddue to the re鮎ction and
c o n c erltratio n of
-
heat
,
whichledto the o c c u rren c e of highgeother malgradierlt(upto50-
60
o
C ncm)inthe s edim erltaryC over Strata On thetop ofaba s em e nt upliA･ Alo ngthefaults
and/o rB-acture zon es
,
deep cir culathgther mal w ater arise sand s o metim e sm ake supthe
oc c u rrenc eoflo canys mallc on ve ctio nc ell inc ertainparts ofthe reservoir･ An d 血al1y, the
low - m edium ternpe ratu regeotherm alre s o urc esinNo血 C h ina･ Ba sin ar ethusfo rm ed.
It m ustbe stres sedthtthefor m ation ofthermalw ater in North C hin aBa sinse em s
to be quile typicd and m ay be regarded asthe r epr es e ntativ eforthe ther malw ater
r es ourc es c o n nectedwi th thelow - m edium temperaturegeotherm alsyste m s ofc o ndu ctiv e
type.
Dev elopm entand tJtiliz ation
Assta土ed befor e, Ch inahas alonghistory(ov e r2000ye ars)ofutilizatio n ofthermal
wa:ter r eso ur c es･ Early pe ople used hot springsforirrigation and clothes- w a shing. During
Hamdyn a sq,(206 B Cto220 A D), salt wa s extra cted丘.o m ther malw aterinZigong are a of
Sichuan Pr ovin ce. In the M ingdyna sty(1368-1644 A D), Lishizhe ng, a 払m o u sm edical
do cto r a･t that tim e, u sed hot spn ng w ate rfordis e as etreatm e nts. Hepe rsu adedpe ople:
‖If
yo ugotil,gotohot sprlrlg a re a andtake abath
”
. As a result
,
n um e rousbathingho us e s
and spa s w er spre adoverhot spring ar e asthr oughout the c ou rltry･ h 光a otangsha n
(m e ans '◆alittle wa n hih”)hot sp血g are a(25km to the N WofBeijing), tw othef mal
w aterpo ols w ere s u血 in1666, the5thye ar ofEm perorKa ngxioftheQingdyn a sty. Anda
bathi喝 tank w asconstructed fo rthefam ou sEmpressDo w agerCixi･ In Hu aqingchi hot
springare ane ar3G
l
an city,the ancierlt C apitalofTa ngdyn a sty, aquitefa n cybathingho u s e
wa sbuiltupfor thelmperialConcubin eY ang･ Ho w eve r, al1 the se u s e s w ere mai nlyfor
''healthll and /or-●re c re ation川 pu rpose, rathe rthanfore n ergy･
Since early1970
'
s
,
wi thre c ognizingtheirrEPOrta n C e Ofthe rmalw ate r re s o urc e s energy
a s a nalter n ative ne w a nd rene w able energys o urce, the rmal w ater re s o urc e sha vebe e n
startedto u s efor e n ergypurpo se･ The e xperim erltalgeother malpo w er station w a s s et upln
Dengw u, Fengshun Co untry, Gu angdo ngPro vinc ein 1970andfouo w edbyWentarlg and
Hu ailaiin1971, H 血angin 1975and血aly, Yinko uin1977(Fig.2).
As mention edat the verybegimingthatChina now adaysisthe丘rstla rgestu s er ofn o n-
electric geother malenergy inthe Wo rld andis showing out a s aprospectivele ader in
directu se s･ T here are abo ut49prole CtS u Singthe m alw aterfor industri alpr oc es slng Such
a sdyeing, drying 飢its a nd vegetables, paper andhide pr o c es slng, air conditioru ng and
pr ehe atingboilerfe ed w ater etc witha n ete n e rgyco ns umption of171G Wh.
Tianjinis the largest us er ofindustrialpro c e sslng mai nly in dyeing. The e ne rgy
c o n su mptiontake sup4715% ofthetotal･ YinshanCo untyin HubeiProvin c e, u singther mal
w ater ofte mpe rature42-50
o
Cfo rtamin extra ct
,
saved12,800to n ofstandard c oalper
w ell如thin 12years･ The e nergysaⅥ ngby usingthermalw a土e rfo rhide processlng at
Xio ngxianCou nty, Hebei Pr ovin c eis equivale nt to m orethan5.000to ns coalann ually, The
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localpeople at Te ncho ng Co unty, Y um nan Pr ovin c e ar e u sing92
o
C thermalwaterfor
so aking pulp andpaperdryinga ndm akequite alotofm oneybyexponingthe s epr odu cts･
Spac ehe athgis mai nlyappliedin North Ch ina wher e serv e c old winteris u s ual. With
artenergyutilizatio nof334GWh,thehe a血gareaistotalhgto1,313,800m
2
･ Ge othe rm al
spa ce he atingsystem s inTianjin are con centrated inTa nggu, Hangu andDagandistricts･
Abo ut50w ellsprovi de amaxim um 恥 w of300tnl Ofupto97
o
C w atertohe atan ar e a of
805,000m
2
･ T his s the hrgestslngle spa ciTlghe ating pro)e ctin Ch ina･ The spa ce heathg
proje ctsin Beijing ar espr ead over alarge area ofthe city, butther e
'
s n o c erltral he血1g
system s, u s uallyone well for o ne u nit only. T hela rgestO neis at泊 a otaJlgShan s an d:to rlur n,
whe re4 w enspr ovide137 d hof50 Cw ate rtohe atatotala re a of 4,000m
2
･
Gre enl10uS eSals ofe血 1re aSm ajo ruse rs OfthelTn al w aterin C h ina. I 1994, Chinahas
gr enl10uS e are a Of 1,159,156r n
2in 17 Province s and/or Aniono m ousR廟 on s, of which
25 8
,
129m2areinHebei Province
,
a m oultmgtO22･3 %ofthetotal･ Tw o sta ndard design s
ofgre enhouse ar eus edto pr oduce&e sh vegetable s, the m ain cropsbeing c ucumbers,
to m ato e sandlettu c e･ The farm ersin Xia ota ngsha nCo unty have bu加 up 43,290m
2
gre e nho u se s andsupplythegra nd hotels and払n cyre sta u r 皿tSin Beijing withtendiqer ent
kin ds ofspe cialv egetable s. In1984, whe nPr esiderltRe agan of the United State svisiled
Ch ina,inste ad ofgetting v egetable sby air Co m Califomia, a v arietyof &e sh v egetables
&om Xia otangshange othe rmalgreenl10 u Se We rePut O nthetablefor thefar ew ellbanqu et
a.t Gre at Wal@eijingSher ato n) Hotel, whichsurpris edande njoyed thegu e sts and ho st
v ery m uch･ Fishfar mingbyther malw ate r appe arstobe an other 鮎tgr o Ⅶng app正c atio nin
C hin a･ Atpre s ent, atotalare a ofl･6minion squ arem eters of fishponds wasreported in 17
provinc es and citie s･ Theproductsinclude A鮎c arlC arp, e els, shrimps,tu rtles, s nails etc･ In
FujianProvinc e, ala rge n umber ofeelshav ebe en rais edin ther malw ater丘shponds andthe
pr oducts arepartlyexpo rtedtoJapan .
Cu rre rltly, there ar e594baths, 23 押im ming po ols and179s an atoriu m s, wi thm any
m orelocalpo ols athotspn ngslte S･ The swimi ng po ols and ba･ths usingthe malw aterfo r
athletic training halve rapidlydeveloped in re c e ntye ar s･ Thefam o u straining c crltr efor
fe male volleyb allte a皿 uSingther malwaterislo ca･tedinZha ngzhu oCity,FujianPr ovinc e･ It
isinterestingto n otethatthe4are a smaking m a)or u se ofthe r malw aterfo rnon
-electrical
proc e sse s ar eHebei, 24 %ofthe c o u ltytotal;Tia njin, 15%;Sha ndo ng, 12 %and Tibet,
10%(Wa ngetal.,1996).
R devantEnviro n m entProblem s
lfproperlyir nple m e =ted,ther malw aterre s o urces m aybe c onsideredtobe a sustainable
res ou rc e andbenign to the erlviror me nt･ T he emission ofgre enhouse gase sis minimal
c o mpar edtofos silfuels. T he rem ovalof hydrogen sulphide &om hlghte mperature ste aJ n
a nd the re-l n)eCtio n ofsperlt thermalfluids into the gro und makethe poterltialnegatlVe
e n viro Ⅱm e ntaleWe ct n egligible(F ridleifss on, 1997)･ Ho w e v er, ifre m ovalofhydroge n
sulphide andr e-1rlje Ction ofspe ntther malnuidshav enotbe e n atte mpted, therlthe negatlVe
en viro nm e ntaleffects will bein -negligible. Forinsta n c e,irlNorthChina, ther malw a･terhas
corr monlyenhan c ed c onter[t of fluorlde, which isha r mu for the en viron m ent and wi n
ca u se s eriouste ethdise ase.
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